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Section 1

Introduction

MolHash is a command-line application and programming library for generating hashes from molecular
structures. This section gives an overview of each of the most useful hash functions in turn. The user
should find it straightforward to add additional hash functions, or tweak the existing ones.

To begin with, the following table summarises the available molecular hashes, whether their calcula-
tion alters the structure (this is only relevant to API use, not via the command-line), and whether they
are sensitive (or invariant) to the presence of particular molecular features. If a particular hash func-
tion is sensitive to a molecular feature but this is not desired, then the molecule should be normalized
accordingly with the provided normalization methods/options.

Table 1: Hash function summary
Hash functions May alter struc-

ture
Sensitive to
Explicit
H

Iso-
tope

Atom
class

Atom
stereo

Bond
Stereo

Anonymous Graph Y Y Y Y Y N
Arthor Substructure
Order

N Y Y N N N

Atom & Bond Counts N Y N N N N
Canonical Smiles N Y Y Y Y Y
Degree Vector N Y N N N N
Element Graph Y Y Y Y Y N
Heteroatom Protomer Y Y Y Y Y N
Heteroatom Tautomer Y Y Y Y Y N
Mesomer Y Y Y Y Y N
Molecular Formula N N N N N N
Murcko Scaffold Y Y Y Y Y Y
Extended Murcko Y Y Y Y Y Y
Net Charge N N N N N N
Redox Pair Y Y Y Y Y N
Regioisomer Y Y Y Y Y Y
SmallWorld Index BR N Y N N N N
SmallWorld Index BRL N Y N N N N

1.1 Anonymous Graph
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This is the canonical SMILES string for a molecule after setting all of its atoms to asterisks, and its bonds
to single bonds. It can be used to identify molecules that have the same graph structure independent of
atom identity, bond order or hydrogen count.

1.2 Arthor Substructure Order

Arthor is a substructure/similarity search engine developed by NextMove Software. When performing a
substructure search, results are returned in the order in which they are present in the database. If users
sort their database entries by this hash, results will be returned based in an order that approximates
similarity to the query but favoring ‘plain’ molecules.

1.3 Canonical SMILES

Generate a canonical SMILES string that includes each of the following (if present, and if the toolkit
supports its inclusion): atom and bond stereo, atom maps, explicit hydrogens and isotopes.

1.4 Element Graph

This is the canonical SMILES string for a molecule after settings all its bonds to single bonds and nor-
malizing hydrogen counts. It can be used to identify molecules that have the same bonding arrangement
but different bond order.

1.5 Heteroatom Protomer/Tautomer

These molhashes are minor variations of each other, and consist of a SMILES component followed by
one or two integers. The SMILES is a canonical SMILES generated after stripping all hydrogens and
charges, and setting all bond orders to 1. The tautomer variant appends two integers, the total number
of hydrogens on non-carbon atoms, and the total charge; the protomer variant subtracts the charge from
hydrogen count to yield a single value.
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To illustrate their use and their difference, consider the structures above on the left-hand side,
which all hash to the same SMILES component (depicted on the right). These three all have the
same protomer hash (C[C]1[CH][N][CH][N]1_1) but because they have different total charges,
the tautomer hash shared by the first two (C[C]1[CH][N][CH][N]1_1_0) is different for the third
(C[C]1[CH][N][CH][N]1_2_1). In other words, the protomer variant may be used to find tautomers
independent of the charge state.

1.6 Mesomer/Redox Pair

These two molhashes are minor variations of each other, and consist of a SMILES component which
is followed by a single integer in the case of the mesomer hash. The SMILES is a canonical SMILES
generated after setting all charges to zero and bond orders to 1. The mesomer variants appends the
total charge to the hash.

The example above shows two redox pairs. These have the same redox pair hash
([CH]1[CH][CH][C]2[C]([CH]1)[N][C]([C]([N]2)[O])[O]) but different overall charge and
hence have different mesomer hashes (the first has _-2 appended, while the second has _0 appended).
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As an example of a mesomeric pair, consider the charge-separated and hypervalent forms of nitros
above. These have the same mesomer hash (CCN([O])[O]_0).

1.7 Molecular Formula

The molecular formula is possibly the most widely used molecular hash, a concise description of the
atomic composition and formal charge, that excludes information on bonding. The molecular formula
can be used to identify isomers, constitutional or otherwise.

1.8 Murcko Scaffold and Extended Murcko

The Murcko scaffold hash is the canonical SMILES of a molecule after removing all substituents.

The extended Murcko hash is the canonical SMILES of a molecule after replacing all substituents with
attachment points (an asterisk in SMILES).

1.9 Regioisomer

The regioisomer hash is the canonical SMILES for a molecule after breaking a subset of acyclic single
bonds and replacing the connection by an asterisk or hydrogen. Specifically, acyclic single bonds are
cut if either end of the bond is involved in a ring or if the bond is between a non sp2-hybridized carbon
atom and a non-carbon atom.
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Section 2

Installation

2.1 Compile the executable

Ensure that a version of CMake is available, as well as RDKit. Boost will also be necessary.:

cd molhash
mkdir build
cd build
cmake ..
make -j6

If CMake cannot automatically find the cheminformatics toolkit or the Boost libraries, it may be necessary
to provide more information:

cmake .. -DTARGET=RDKIT -DRDKIT_DIR=D:\Tools\RDKit\msvc\Release\tree -DBOOST_
→˓ROOT=D:\Tools\boost -DBOOST_LIBRARYDIR=D:\Tools\boost\boost_1_65_1\lib64-msvc-14.1

If successful, the molhash executable will be generated.
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Section 3

molhash application

The command-line application molhash can be used to generate one of a number of molecular hashes.

3.1 Usage

• molhash [options] <infile> [<outfile>]

• molhash [options] - [<outfile>] - read from standard input

For example:

$ echo "c1ccccc1C(=O)Cl" | molhash -mf -
C7H5ClO c1ccc(cc1)C(=O)Cl

3.2 Options

-a Process all the molecule (and not just the single largest component)

-sa Suppress atom stereo

-sb Suppress bond stereo

-sh Suppress explicit hydrogens

-si Suppress isotopes

-sm Suppress atom maps

-t Store titles only

Hash Types

-g anonymous graph [default]

-e element graph

-s canonical smiles

-m Murcko scaffold

-mf molecular formula

-me mesomer

-ht hetatom tautomer

-hp hetatom protomer

-rp redox-pair

-ri regioisomer
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